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Intercellular adhesion molecule-I (/CAM-I) and endothelial leucocyte adhesion 
molecule-! (ELAM-1) expression in the bronchial mucosa of normal and asthmatic 
subjects. S. Montefort, W.R . Roche, P.H. Howarth , R. Djukanovic, C. Gratziou, 
M. Carro/1, L. Smith, K.M. Britten. D. Haskard, T .H. Lee, S.T. Holgate . 
ABSTRACT: Bronchial lavage and biopsy studies suggest the involvement of 
eosinophils and T-lymphocytes in a llergic inflammation in asthma. There is 
evidence suggesting that the expression of adhesion molecules on endothelial cells 
and of their receptors on leucocytes is involved in this process. 

To investigate these mechanisms we have obtained bronchial mucosal biop
sies from 10 normal subjects and from 10 symptomatic atopic asthmatics. Six 
of the asthmatics were re-biopsied after 6 weeks of inhaled beclomethasone 
dipropionate (BDP) during which time their clinical r esponse was monitored. 
Frozen sections were stained by the immunoperoxidase method using monoclonal 
antibody (MoAb) 6.SB5 to identify expression of intercellular adhesion molecule 
(JCAM-1) a nd MoAb L2B6 for endothelial leucocyte adhesion molecule 
(ELAM-1). Araldite-embedded sections were also stained for eosinophils using 
MoAb EG2 to identify eosinophilic ca tionic protein (ECP). 

A significant mucosal eosinophilia was apparent in the asthmatic but not in 
the normal biopsies. Immunostaining for ICAM·l was obser ved in both the 
epithelium and endothelium and ELAM-1 in endothelium, with no signifi 
cant differences being apparent between the asthmatic a nd norma l subjects. 
Topical BDP markedly reduced the mucosal eosinophilia without affecting the 
expression of either adhesion molecule. 

Using this method, we conclude that there is basal expression of ICAM-1 and 
ELAM-1 in normal human bronchial mucosa, which is not significantly differ
ent from that .in asthmatics, and that it is insensitive to suppression with 
corticosteroids at an inhaled dose that causes clinical improvement. 
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Intercellular adhesion molecule-} (ICAM-1), (CD 54), 
is an adhesion molecule belonging to the immuno
globulin superfamily, which is expressed on many 
cells. It serves as a ligand for the heterodimer lym
phocyte function-associated antigen (LFA-1) (CDlla/ 
CD18) integrin on human T-cells [1 ] but is also 
involved in adhesion of other cells including neutro
phils [2, 3] and eosinophils [4] to endothelial cells. It 
also serves as the receptor for the major group of 
rhinoviruses [5, 6]. ICAM-l is found on vascular 
endothelium in most blood vessels but only tonsillar, 
thymic and occasionally renal tubular epithelial cells 
have been shown to express ICAM-1 under basal 
conditions. 

factor o: (TNFo:) and interleukin-1 (IL-l) [9, 10]. 
Corticosteroids have been shown to exert a powerful 
inhibitory effect on ICAM- 1 induction by cytokines on 
chondrosarcoma and adenocarcinoma cell cultures (11). 

Basal expression of ICAM-1 is up-regulated in 
inflamed ti ssue [ l, 71. after interleukin-2 (IL-2) 
infusion [81, and in cell cultures after incubation with 
cytokines such as interferon-'¥ (IFN-'Y). tumour necrosis 

W EGN£R and eo-workers (12] have shown that in 
Ascaris-sensitized monkeys, repeated al lergen provoca
tion of the airways caused an increase in ICAM-1 
expression on both the bronchial epithelium and sub
mucosal endothelium, accompanied by an intense eosi
nophilic infiltration of the tracheal mucosa and a 
parallel increase i.n airway responsiveness to metha
choline. The latter two events were attenuated by an 
intravenous infusion or inhalation [12, 13] of a block
ing anti-ICAM- 1 monoclonal antibody R,6.5. These 
observations strengthen the view that ICAM-1 plays an 
important role in leucocyte recruitment in allergic air
ways disease and may be of relevance in the specific 
eosinophilic inflammatory response of asthma. 
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Table 1. - Characteristics of asthmatic and control subjects studied 

Subj. Sex Age Regular Baseline FEV
1 

Baseline PC
20

Mch 
after BDP** 

mg·ml·' 
no. medication 

yrs 

Asthmatics 
1 M 30 s 
2 M 29 s 
3 M 20 s 
4 F 24 s 
5 F 21 s 
6 M 37 s 
7 M 26 s 
8 F 30 s 
9 M 23 Nil 

10 F 36 s 

FEV, 
I % pred 

3.5 84 
4 100 
4.2 102 
4.1 110 
3.45 122 
4.5 97 
5.4 108 
3.6 114 
3.2 98 
3.0 IOJ 

PC20Mch 
mg·mt·• 

0.2 
1.4 
0.23 
0.28 
0.97 
0.43 
0.48 
1.9 
0.94 
4.2 

l.l 
35.5 
0.32 

31.7 
3.4 
2.4 

Mean±sEM 28±2 3.9±0.2 104±3.3 0.69* 3.85 
(0.45*f) 

Controls 
11 M 35 Nil 5.8 143 >16 
12 F 45 Nil 3.3 122 >16 
13 F 26 Nil 4.2 126 > 16 
14 F 23 Nil 3.5 113 >16 
15 M 22 Nil 6.0 133 >16 
16 M 20 Nil 4 .2 111 >16 
17 F 21 Nil 3.6 119 >16 
18 M 22 Nil 6.0 133 >16 
19 F 22 Nil 3.8 114 >16 
20 M 24 Nil 5.3 117 >16 

Mean±SEM 26±3 4.5±0.35 123±3.3 > 16 
----------~------

*; geometric mean; **: inhaled BDP 2,000 )..l.g q.d. for 2 weeks and I ,000 J.!g q .d. for 4 weeks. 
t: mean nos 1- 6 only referring to subjects included in BDP part of study. FEV1: forced expiratory 
volume in one second; PC

20
MCh: provoking concentration of methacholine producing a 20% fall in 

FEV,; BDP: beclomethasone dipropionate; S: inhaled salbutamol. 

Another adhesion molecule implicated in tissue 
inflammation is endothelial leucocyte adhesion 
molecule-! (ELAM-1), which belongs to the selectin 
family. ELAM-1 is expressed on vascular endothelial 
cells, but only when the latter are "activated" by 
inflammatory processes in vivo or by bacterial endo
toxin and/or cytokines in vitro [14]. Its complemen
tary ligand on leucocytes Sialyl-Le' [15], has only 
been identified recently. ELAM-1 may be important 
in the sub-acute influx of neutropbils [14] or eosi
nophils [4] during an acute inflammatory response. 
GUNDBL et al. [16] have also shown that this adhesion 
molecule is involved in the late phase broncho
constriction observed in monkeys after a single aller
gen inhalation. 

Studies involving bronchoalveolar lavage (BAL) and, 
more recently, bronchial biopsies in patients with 
atopic asthma indicate that recruitment and activation 
of eosinophils [ 17, 18]. and to a lesser degree neutro
phils, play an important role in producing disordered 
airway function. Since it appears that these cells are 
selectively removed from the bronchial circulation at 
the .level of the postcapillary venules, it is likely that 
specific leucocyte adhesion molecules and their com
plementary ligands on endothelial cells are involved in 
this process. 

In the present study, we applied fibreoptic bron
choscopy to obtain endobronchial biopsies for the 

immunohistochemical examination of ICAM-1 and 
ELAM-1 expression in a group of normal and atopic 
asthmatic subjects. In addition we observed the effect 
of six weeks treatment with the topical corticosteroid, 
beclomethasone dipropionate, on the expression of 
these adhesion molecules in asthma. 

Methods 

Subjects 

Ten mild asthmatic patients (6 males and 4 females, 
mean age±sEM 27.6±1.9 yrs) volunteered for the study 
(table I). At the time of enrolment the asthmatic 
volunteers had stable pulmonary function and a forced 
expiratory volume in one second (FEV

1
) of at least 

70% predicted for their age and height. None was 
being treated with inhaled or oral corticosteroids, 
sodium cromoglycate or theophyJJine, and all but one 
(no. 9) used salbutamol inhaler on an "as required" 
basis for relief of symptoms. All subjects were 
atopic as judged by positive skin wheal responses to 
common allergens (Dermatophagoides pteronyssinus, 
mixed grass pollen, cat dander; Bencard, Brentford, 
Middlesex, UK) and all had hyperreactive airways 
to inhaled methacholine with a geometric mean pro
vocative concentration reducing FEY 

1 
from baseline 
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by 20% (PC
20

Mch) of 0.69 mg·ml·1 (range 0.2-4.17 
mg·ml·1• Ten normal subjects (5 males and 5 females, 
mean age±SEM 26±2.3 yrs) were included as con
trols (table 1). None of the nonnal volunteers bad a 
history of asthma, all had an FEV 

1 
of > 70% predicted, 

a PC
20

Mch value of >16 mg·ml·1 and were non-atopic. 
All of the asthmatic and non-asthmatic subjects were 
nonsmokers and none had experienced an upper respi
ratory viral infection within six weeks of investigation. 
The study which conformed to the Declaration of Hel
sinki was approved by the combined Southampton 
Hospitals and the University Ethics Subcommjttee. 
Informed written consent was obtained from all 
subjects. 

Study design 

Subjects attended the laboratory on two occasions, 
separated by five days. On the first visit, skin prick 
testing to five common allergens and measurements 
of FEV1 (best of three attempts) and PC

20
Mch were 

performed. The technique used for bronchial chal
lenge was adapted from that of CHAJ et al. [19] using 
an Inspiron nebulizer as described previously [20]. 
After recording baseline FEV 

1 
subjects inhaled 0.9% 

sodium chloride (saline) for five breaths (functional 
residual capacity (FRC) to total lung capacity (TLC)) 
from the nebulizer via a mouthpiece. FEV 

1 
was meas

ured at I and 3 min and, provided this value did not 
fall by > 10% of baseline, methacholine provocation 
was undertaken. Subjects inhaled increasing doubling 
concentrations of methacholine (0.02- 16 mg·ml 1 saline) 
(Sigma Chemical Co., Poole, Dorset, UK) from the 
nebulizer for five breaths from FRC to TLC, and FEV 

1 
was measured at L and 3 min. The concentration 
of methacholine was increased progressively in dou
bling steps, until the FEV 1 had fallen >20% of the 
post-saline value. From the concentration of inhaled 
methacholine plotted on a logarithmic scale against the 
percentage fall in FEV

1 
from post-saline baseline, the 

PC
20 

was determined by linear interpolation. 
On the second visit, fibreoptic bronchoscopy was 

undertaken providing that FEV 
1 

was > 70% predicted 
and that the subject's platelet count and clotting stud
ies were within normal limits. Bronchoscopy was 
carried out according to the guidelines outlined by the 
American Thoracic Society [21]. All subjects were 
given atropine 0.6 mg i.m. and mjdazolam 2-5 mg i.v. 
15 min prior to the procedure. Tbe asthmatics were 
also given preservative-free ipratropium bromide 0.5 
mg and salbutamol 2.5 mg via an Inspiron nebulizer. 
Fibreoptic bronchoscopy was performed witl1 Olympus 
IT-20 bronchoscope (Olympus Optical Co., Tokyo, 
Japan). Care was taken to ensure that the larynx and 
upper airways were adequately anaesthetized with 
lignocaine 4% spray [22]. The bronchoscope was 
passed through the nares and up to 12 ml of ligno
caine I% was introduced through the bronchoscope 
into the larynx and lower airways. Supplemental 
oxygen was administered throughout the procedure and 

oxygen saturation monitored with a digital oximeter. 
Two endobronchial mucosal biopsies were taken from 
the subcarina between right middle and lower lobes 
using alligator forceps. On completion of the pro
cedure, subjects were observed for 3 h and further 
nebulized salbutamol given. 

In six asthmatic subjects (nos 1-6) we studied the 
effect of inhaled beclomethasone dipropionate (BDP) 
on adhesion molecule expression. These subjects were 
asked to inhale BDP 2,000 J..lg·day·1 from a pressurized 
metered dose inhaler, in two divided doses for 2 
weeks, decreasing to l,OOO J..lg·day·1 for a further four 
weeks, until the second bronchoscopy. Bronchial resp
onsiveness to methacholine was recorded five days 
before the second bronchoscopy. For two weeks prior 
to the first bronchoscopy and for six weeks during the 
BDP treatment period subjects recorded their asthma 
symptoms on a 0-3 scale, peak expiratory flow record
ings and inhaled salbutamol usage, twice daily. The 
biopsy specimens from the first and second broncho
scopy were assigned a numerical code, which was 
not revealed to the investigators who interpreted the 
immunostaining. 

Sample processing 

The biopsies were gently extracted from the forceps 
with a hypodermic needle, placed on foil and inserted 
into labelled cytotubes and snap-frozen in liquid 
nitrogen. Four 8 1-lJll cryostat sections were cut, 
one each for immunostaining with anti-ELAM-1 and 
anti-ICAM-1 and two were used as negative controls. 
Each section was mounted onto a glass slide coated 
with 0.01% poly-L-lysine as an adhesive, dried for 30 
min at room temperature and stored at -2o·c until 
used for immunostaining. Another biopsy was placed 
immediately into 10% neutral-buffered formalin for 
48 h and processed into Araldite resin (Agar Scien
tific, Stansted, UK) with the use of an automated 
processor (Lynx, Cambridge Instruments, Cambridge, 
UK). Briefly, this involved washing in Tris-buffered 
saline and distilled water, dehydration with ethanol, 
and treatment with Histosol and Histosol/ Araldite (I: J ). 
The biopsy was then impregnated and embedded in 
Araldite and I J..II11 sections were cut. 

Immunohistochemistry 

After removing from storage and allowing to dry at 
room temperature, the frozen sections were fixed in 
water-free acetone for 15 min, and allowed to dry. 
They were then sequentially incubated for 20 min each 
with avidin and biotin solutions (Vector Labs Inc., 
Peterborough, UK) followed by rinsing in Tris-buffered 
saline (TBS) adjusted to pH 7.6 to effectively block 
endogenous peroxidase activity. After three fu rther 
rinses with TBS, the sections were incubated with the 
primary monoclonal antibodies 6.585 for ICAM-1 and 
1.2B6 for ELAM-J (both murine immunoglobulin G

1 

(lgG
1
) antibodies) [23] as undiluted culture supematant 
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cons1stmg of Dulbecco's mmtmum essential medium 
(MEM) +10% foetal calf serum (FCS) +1% bovine 
serum albumin (BSA) for 30 min at room temperature. 
After rinsing, biotinylated rabbit anti-mouse lgG Fab 
(Dako Ltd, High Wycombe, UK) was applied for 30 
min and followed by the streptavidin-biotin-horse
radisb-peroxidase complex (Dako Ltd, High Wycombe, 
UK) for 30 min. After rinsing in TBS, diamino
benzidine tetrahydrochloride in hydrogen peroxide con
taining sodium azide was used as substrate to develop 
a peroxide-dependent colour reaction. The sections 
were then counterstained with haematoxylin [24]. 

The Araldite-embedded sections were placed in 2.5% 
sodium ethoxide in absolute ethanol/benzene (50/50 
v/v) to extract the resin. Rehydrated sections were 
then treated with 0.05% trypsin (T8128; Sigma, Poole, 
Dorset, UK) in 45 mM calcium chloride (pH 7 .6) 
at 37"C to expose the epitopes of eosinophil cationic 
protein (ECP). To ensure optimal trypsinization , one 
section was trypsinized for 1.5 min and another for 
3 min. Immunoreactive ECP was demonstrated using 
a mouse monoclonal antibody, EG2 (Sanbio bv-biol. 
prod, Uden, The Netherlands), which identifies the 
secretory form of ECP. 

Assessment of immu.nohistochemical staining 

For the identification of adhesion molecules, coded 
sections were viewed separately by two observers 
using a Leitz Ortholux 2 microscope (Ernst Leitz, 
Wetzler, Germany) and a standard protocol was used 
to describe the staining appearances. The extent of 
staining was divided into ''some" or "all" of the epithe
lium or endothelium, depending upon the propor
tion of cells demonstrating immunoreactivity. This is 
similar to methods previously described for ICAM- 1, 
ELA M-1 and vascular cell adhesion molecule-! 
(VCAM-1) by KYAN AUNG et al. [4], for ELAM-1 by 
M ESSAD! et al. (25] and for lCAM-1 by LEUNG et al. 
[26]. 

The cells staining positively by EG2 for the pres
ence of ECP were counted in the submucosa to a 
depth of 200 J1ffi beneath the epithelium, excluding 
mucosal glands and blood vessels. The total area of 
submucosa was calculated by delineating the area of 
the section on the Video Interactive Display System 
(VIDS2) and using AMS software for measurement of 
area (Analytical Measurement Systems, Cambridge, 
UK). The results were expressed as the number of 
eosinophils·mm·2 submucosa. 

Statistical analysis 

The clinical and symptomatic parameters of the six 
asthmatics given the six week course of inhaled BDP 
during the week before the first bronchoscopy were 
compared with those of the sixth week of steroid treat
ment using the Wilcoxon matched-pairs signed ranks 
test. The same test was used to compare the eosino
phil counts in the mucosa of the sections of the same 

group of subjects before and after the BDP course. 
The eosinophil numbers in the sections from the con
trols were compared to those of the whole asthmatic 
group using the Mann Whitney U-test. 
The extent of staining of the sections was not statisti
cally analysed as these were semi-quantitative meas
urements. 

Results 

When compared to the nonnal controls, the asthmat
ics had lower baseline va.lues for FEV1 and PC

20
Mch 

but were not different as regards age or sex distribu
tion (table 1). In some of the biopsies there was too 
much traumatic damage to the epithelium and/or sub
mucosa for it to be useful for immunohistochemical 
analysis. Data on the distribution of immunostaining 
for ICAM-1 and ELAM-1 in the normal and asthmatic 
subjects are displayed in tables 2 and 3. The scoring 
assigned to the extent of staining on the biopsies by 
the two observers were .identical. 

ICAM-l immuoostaining was apparent both in the 
vascular endothelium of venules deep to the epithelium 
and the ciliated epithelium itself (fig. 1 b) in all ten 
asthmatic biopsies. Tn tissue from the normal volun
teers, immunostaining for ICAM-1 was also apparent 
in the endothelium in seven out of eight (2 biop
sies were inadequate for interpretation of endothelial 
staining) and in the epithelium in seven out of ten 
biopsies (fig. la). In comparing lCAM-1 positive 
sections between the normal and asthmatic subjects 
there was no apparent difference in the overall pattern 
of staining (table 2). 

Immunostaining for ELAM-1 was observed in the 
endothelium of the submucosal venules but, in contrast 
to TCAM-1, not in the epithelium (fig. 2). As with 
lCAM-1 there was linear staining of the luminal 
aspect of the endothelial cells but this was of a lesser 
intensity than that observed for ICAM-1 at this site. 
Although only seven of the biopsies from the normal 
volunteers were suitable for ELAM-1 staining, basal 
expression of this epitope was observed in the endo
thelium of all but two biopsies (nos 14 and 19). 
When observed, the pattern of staining (table 3) was 
not different between the normal and asthmatic biop
sies (fig. 2). 

Bronchial biopsies from only eight of the ten asth
matics and seven of the ten normals were of sufficient 
quality to process into Araldite for enumeration of 
EG2+ eosinophils. When compared to normal controls, 
the biopsies from most of the atopic asthmatics had 
increased numbers of eosinophils, which for the group 
was significant {p<0.005) (fig. 3). In the six asthmatic 
subjects, six weeks treatment with inhaled BDP had 
a marked effect in reducing asthmatic symptoms 
(p<0.008), increasing geometric mean PC

20
Mch (0.45 

to 3.85 mg·ml·1) and morning peak expiratory flow 
(PEP) (from a median of 434-471 /·min· 1, p<O.Ol), 
reducing the diurnal variation in PEP (p<0.03) and 
reducing the need for inhaled bronchodilator (four 
out of the six patients ceased to use salbutamol). 
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Table 2. Distribution of immunostaining for ICAM-1 in bronchial biopsies of asthmatic and 
normal subjects 

Subj. No. Pre-BDP 

Epithelium 
All Some 

Asthmatics 
1 + 
2 + 
3 + 
4 + 
5 + 
6 + 
7 + 
8 + 
9 + 

10 + 

Controls 
11 + 
12 
13 + 
14 + 
15 + 
16 
17 + 
18 
19 + 
20 + 

Proportion of cells staining 

Endothelium 
All Some 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

NA 
+ 
+ 

NA 
+ 
+ 

+ 

Epithelium 
All Some 

+ 
+ 
+ 
+ 
+ 
+ 

Post-BDP 

Endothelium 
All Some 

+ 
+ 
+ 
+ 

+ 
+ 

All: majority of cells staining; Some: only some of cells staining; NA: not adequate for assessment; 
ICAM-1: intercellular adhesion molecule-1; BDP: beclomethasone dipropionate. 

Table 3. Distribution of immunostaining for ELAM-1 in bronchial biopsies of asthmatic and 
normal subjects 

Subj . No. 

Asthmatics 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Controls 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Epithelium 
All Some 

Pre-BDP 
Proportion of cells staining 

Endothelium 
All Some 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

NA 
+ 

NA 

+ 
NA 
+ 
+ 

+ 

Epithelium 
All Some 

Post-BDP 

ELAM-1: endothelial leucocyte molecule-!; For further abbreviations see legend to table 2. 

Endothelium 
All Some 

+ 

+ 
+ 
+ 
+ 

819 
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Fig. I. - Bronchial biopsies showing immunostaining for ICAM-1. A) in a non-asthmatic control; B) in an asthmatic subject; C) in 
an asthmatic subject after six weeks of inhaled BDP. (bar= 50 J..liTI). ICAM-1: intercellular adhesion molecule-!; BDP: beclomethasone 
dipropionate. 

Fig. 2. - Bronchial biopsies showing immunostaining for ELAM-1. A) in a non-asthmatic control (arrow-vascular endothelium); B) in 
an asthmatic subject. (bar = 50 J..liTI). BDP: beclomethasone dipropionate. 

A B 
1000 r--p<0.005 1000 r---p<0.04 

100 • 100 
"' "' E E 
E • E 
it2 • it2 • :.c -- :.c a. 10 a. 10 0 0 
c c ·u; • • ·u; 
0 0 

LLJ • LLJ 
• .. 

~ 
0 OT ~ 

Controls Asthmatics Pre-BDP Post-BDP 

Fig. 3. - Numbers of eosinophils·mm2 of mucosa in the bronchial biopsies of: A) asthmatics (n=8) and controls (n=7); B) 5 asthmatics 
before and after 6 weeks of inhaled BDP. BDP: beclomethasone dipropionate. Bars represent median. 
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Although one of the six post-BDP biopsies was 
not suitable for analysis, in the remaining five this 
treatment resulted in a significant decrease in the 
number of mucosal EG2+ eosinophils (p<0.04) (fig. 3). 
However, despite these anti-inflammatory responses, 
there was no change in the extent of immunostaining 
for ICAM-1 or ELAM-1 (fig. le). 

Discussion 

In this study, we have shown that both ICAM-1 and 
ELAM-1 are constitutively expressed on the endo
thelial cells of the post-capillary venules within the 
bronchial submucosa, and in the case of ICAM-1 
also on bronchial epithelial cells. However, in con
trast to allergen-challenged primates [ 12], we have 
failed to show any difference in the basal expression 
of ICAM-1 in bronchial biopsies from asthmatic and 
normal volunteers. We have also failed to demonstrate 
any down-regulation of either ICAM-1 or ELAM-1 
after a six week course of high dose inhaled BDP, 
despite showing marked clinical and physiological 
responses and a reduction in eosinophils infiltrating the 
bronchial mucosa. 

Endobronchial biopsy via the fibreoptic broncho
scope has provided a unique opportunity for studying 
the inflammatory processes in asthma. In this group 
of symptomatic atopic asthmatics when compared to 
normal controls we have shown an increase in mucosal 
eosinophils identified immunohistochemically by the 
presence of cationic protein within their secretory gran
ules [ 17]. It is suggested that most of these cells 
originate from the bronchial vasculature after inter
acting with specific adhesion molecules expressed on 
endothelial cells of post-capillary venules. 

ICAM-1 is an adhesion molecule implicated in 
lymphocyte, neutrophil and eosinophil recruitment with 
all cells using LFA-1 and the granulocytes also using 
Mac-1 [27] as the complementary receptor. The find
ing of high levels of ICAM-1 expression within the 
vasculature of normal airways and the fact that most 
of the T-lymphocytes present in the normal bronchial 
mucosa are antigen-committed (CD45RO+) [28] and/or 
VLA-1 + [29] and involved in its defence against 
inhaled pathogens, renders the finding of expression of 
adhesion molecules involved in their recruitment not 
surprising. 

In their Ascaris-sensitized and challenged monkeys, 
in addition to showing increased ICAM-1 expression 
on post-capillary venules, WEGNER and eo-workers [12] 
have drawn attention to the allergen-induced increase 
in immunoreactive ICAM-1 on tracheal epithelial cells. 
In our study, we also found ICAM-1 expression in 
bronchial epithelium but, as in the case of the endothe
lium, we have failed to show any increase in ICAM-1 
expression in the asthmatic subjects. However, it is 
worth noting that epithelial ICAM-1 immunostaining 
was absent in three out of ten normal subjects but was 
present in all asthmatic subjects. The presence of 
ICAM-1 on bronchial epithelium is interesting and one 

can speculate that its function there is to facilitate 
epithelial cell interactions with lymphocytes and eosi
nophils. In normals such interactions may be largely 
protective, whilst in asthma they may lead to epithe
lial injury. ICAM-1 is the major receptor for rhino
viruses [5, 6] and, as this receptor is basally expressed 
on bronchial epithelial cells, a mechanism is provided 
for rhinovirus penetration and subsequent infection of 
the lower respiratory tract. As virus infection itself 
has been shown to increase the expression of ICAM-1 
on Helen Lake (tumour cells) (HeLa) and other cells 
[30], we took great care to ensure that none of the 
asthmatic or control subjects was studied within six 
weeks of an upper respiratory tract infection. 

ELAM-1 is reported to be expressed on endothelial 
cells only in the presence of an inflammatory stimu
lus [8, 14]. We were, therefore, surprised to find 
basal expression of ELAM-1 in the mucosal vascu
lature of five out of seven biopsies from the normal 
volunteers. Expression of ELAM-1 by endothelial 
cells in vitro following stimulation by appropriate 
cytokines commences at about 30 min but is not maxi
mal until 4-6 h [14], Though possible, it seems 
unlikely that expression of this molecule in the biop
sies from normal volunteers can be attributed to 
induction during the bronchoscopy procedure itself. It 
is possible that basal expression reflects low-grade 
on-going inflammatory activity in response to inhaled 
stimuli and that this in turn contributes to low grade 
neutrophil influx into the airway submucosa. As 
expected from previous immunohistological studies of 
other tissues, ELAM-1 was only observed in the bron
chial vasculature and not in the epithelium. ELAM-1 
endothelial immunostaining was also observed in the 
asthmatic biopsies, but the intensity of staining and its 
distribution was not different from that observed in the 
normal subjects. However, in both groups ELAM-1 
was expressed to a lower degree in the mucosal ven
ules than ICAM-1. 

In isolated chondrosarcoma cells, cytokine stimulated 
up-regulation of ICAM-1 is effectively inhibited by 
corticosteroids. In addition, corticosteroids are highly 
effective at inhibiting T-cell secretion of a wide array 
of cytokines, including IFN-y, TNFa and IL-l, cyto
kines known to up-regulate ICAM-1 expression in 
vitro [11]. As described previously [31], six weeks 
of topical BDP dramatically reduced the airway con
tent of eosinophils in parallel with indices of clinical 
improvement. Since this drug also reduces the acti
vation state of bronchial T-cells, one possible mecha
nism is a down-regulation in production of cytokines 
such as granulocyte macrophage colony-stimulating 
factor (GM-CSF), IL-4 and IL-5, all of which are 
involved in eosinophil recruitment. However, after 
six weeks of continuous high dose topical steroids, 
resulting in marked improvement in clinical and physi
ological indices of disease activity and a reduction 
in mucosal eosinophil infiltration, we have failed 
to show any change in the mucosal expression of 
immunoreactive ICAM-1 or ELAM-1. It therefore 
seems unlikely that the marked reduction in mucosal 
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eosinophils observed in relation to improvement in air
way function relates directly to an inhibitory action of 
corticosteroids on ICAM-1 expression. 

Using an immunoperoxidase technique applied to 
cryostat sections, similar to that described by WEGNER 
and eo-workers [12] in non-human primates, we failed 
to show that in asthma there is enhanced expression 
of ICAM-1 within the vascular bed of the larger 
airways. In their Ascaris-sensitized monkey model, 
up-regulation of ICAM-1 expression was only found 
after the third of three alternate day antigen inhala
tions. Compared to our stable asthmatics, this model 
might have been in a more "acute" phase of sensiti
zation and, thus, ICAM-1 up-regulation may have been 
more evident for this reason. Indeed, tracheal sections 
taken after just one Ascaris antigen inhalation showed 
only a mild ICAM-1 expression. Our study has not 
addressed the issue of up-regulation of cell adhesion 
molecules following allergen challenge as reported 
by WEGNER and eo-workers [12] but focuses on the 
basal levels of expression of these adhesion molecules. 
It is quite possible that, with allergen provocation, 
up-regulation of these adhesion molecules will be 
more easily detectable using the same technology as 
Wegner's group, but this forms the basis of a sepa
rate study. Furthermore, it is possible that the pro
portion of vessels expressing adhesion molecules at a 
detectable level is increased, but it is difficult to count 
blood vessels in 8 J.Un-thick cryostat sections with 
occasional crush artefact, even with the use of an 
immunochemical marker for blood vessels. To resolve 
this, we are currently exploring the use of the water
soluble resin glycolmethacrylate as an embedding 
medium. This, hopefully, will enable us to cut thin
ner sections and to retain better morphology, whilst 
also preserving immunoreactivity of antigenic epitopes, 
and will help us quantitate the number of adhesion 
molecule positive vessels. 

In contrast to a single cell population in tissue 
culture [ 12], caution must be exercised in interpreting 
the intensity of immunostaining for a given epitope in 
a heterogeneous tissue, such as the bronchial mucosa, 
since this will largely depend upon technical factors 
in the histochemical processing of different sections. 
In general, the interpretation of diffuse immunostaining 
in 6-8 J.Un cryostat sections is difficult, especially if 
accurate cellular localization is required. The devel
opment of new techniques of mild fixation and resin
embedding, enabling the preparation of thin sections, 
would greatly improve resolution of staining and, as 
a consequence, the interpretation of both pattern and 
intensity of adhesion molecule expression. An alter
native and, in our view, a more precise method of 
quantifying the capacity of cells within a complex 
tissue to express this molecule would be by blot analy
sis and in situ hybridization employing riboprobes for 
these adhesion molecules, which are now available. 

In conclusion, we have found that ICAM-1 and 
ELAM-1 are basally expressed in the mucosa of both 
normal and asthmatic bronchi, with little differ
ence being observed between the two subject groups. 

Immunoreactive ICAM-1 was localized to the endothe
lium and epithelium, whereas ELAM -1 was restricted 
to the endothelium alone. In the group of atopic asth
matic patients studied, a six week treatment with an 
inhaled corticosteroid, administered at a dose which 
produced an impressive clinical response and reduction 
in mucosal eosinophils, had no discernible effect on 
the expression of either ICAM-1 or ELAM-1. Thus, 
within the constraints of the semi-quantitative immuno
staining procedure used, our data do not suggest an 
increased expression of ICAM-1 and ELAM-1 in mild 
symptomatic asthma, or any down-regulation account
ing for the therapeutic response of topical steroids in 
this disease. 
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